In this work, it was described the preparation and the characterization of a solid acid catalyst obtained by the mixture of Cr/Al oxides (CRAL). The catalyst was tested in the transesterification reaction of babassu oil with 5% of free fatty acid (FFA). The results of textural and acidity characteristics of CRAL were: area (56 m 2 g -1 ), pore size (7.0 µm), total acidity (182.28 µmol g -1 ), wherein Brönsted sites are the most active. Powder X-ray diffractometry (XRD), scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy ( . CRAL is active in the biodiesel production for just one cycle, because in the second one it loses its activity. The leaching of catalyst is about 13%, demonstrating that the catalyst is not totally heterogeneous.
Introduction
The development of new solids catalysts for use in chemical reactions has become in recent years a major technological challenge for the industries and research institutions, mainly in petrochemicals industries. 1 A process of obtaining cheaper and more efficient biodiesel has become one line of research, involving catalysts for obtaining biofuels. The main industrial process to obtain biodiesel is the transesterification or alcoholysis of vegetable oils with short chain alcohol using homogeneous catalysis, being most used basic catalysts, such as hydroxides, carbonates, sodium, and potassium alkoxides. 2 However, alkali catalysts are very sensitive to water and free fatty acid (FFA) content in virgin oils. The FFA present in oil can react with the alkaline catalyst to form undesired byproducts, like soap and emulsion, and hinder the purification process of the product (biodiesel). 3 For the purpose of producing biodiesel using alkali catalyst, the oil should go through purification processes such as neutralization and degumming. These processes increase the price of oil, which in turn increases the price of biodiesel. To reduce production costs of biodiesel, ideally, low quality oils or virgin oils are used. Notwithstanding, these oils contain a large amount of water and FFA, which prevents the use of alkali catalysts as mentioned. The homogeneous acid catalysts, like sulfuric acid, hydrochloric acid and sulfonic acid are also widely used, 4 and they show less sensitivity to FFAs and are able to conduct esterification and transesterification simultaneously. 5, 6 Meanwhile, the homogeneous acid catalyst is not preferred in the biodiesel production due to their lower activities compared with conventional alkaline catalysts. When the homogeneous acid catalysts are used in a higher reaction temperature, a higher molar ratio of methanol to oil, and a longer reaction time are required. 7, 8 Development of efficient, low cost and environmentally benign heterogeneous catalysts for transesterification of vegetable oils can lead to a much lower total production cost of biodiesel. Heterogeneous catalysts can be basic, acidic or biological (enzymatic) types. Solid acids favor both esterification and transesterification reactions simultaneously for biodiesel with high FFA. 9 Because of that, the focus of recent advances is in the rational development of recyclable solid acid catalyst. Solid acid catalysts (Lewis or Brönsted) are advantageous when compared to heterogeneous base catalysts and mineral acids. 10 Commercialization of inorganic heterogeneous catalysts for biodiesel production is still in the early stage. The development of new and cost effective heterogeneous acid catalysts can simplify significantly the manufacturing process and it can use low-cost feedstock and then reduce the final cost of biodiesel. 3 The heterogeneous catalysts have some drawback, for example, in their preparation, reaction conditions, and leaching. All this drawbacks can increase production costs. Furthermore, for a catalyst to be considered heterogeneous, it should not leach, should be able to be reused, have high selectivity for the desired product and provide high yield and conversion.
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Many solid acid catalysts are described in the literature for the preparation of biodiesel (in many cases using oils with high FFAs content) such as sulfated zirconia, 12 22 In this work, it was described the use of Cr 2 O 3 /Na 2 Cr 2 O 3 /Al 2 O 3 as an acid catalyst for the transesterification reaction of virgin babassu oil with methanol. The catalytic performance in the transesterification reaction was investigated regarding the conversion to methyl ester. The experimental variables such as the amount of catalyst, oil/methanol molar ratio and reaction time were investigated to optimize the transesterification conditions. The kinetic study (order and turnover frequency-TOF), reusability, solubility and heterogeneity tests of catalyst were investigated. Moreover, the catalyst was characterized by various techniques such as powder X-ray diffractometry (XRD), thermogravimetry (TG), scanning electron microscopy (SEM), infrared (FTIR), Brunauer-EmmettTeller (BET) and energy-dispersive X-ray spectroscopy (EDX).
Experimental

Babassu oil
Crude babassu oil was donated by EMBRAPA Meio Norte (Brazilian Company of Agriculture and Livestock). The babassu oil used in this work had average molar mass of 879.71 g mol -1 , with fatty acid distribution: octanoic acid (3.92%), decanoic acid (4.26%), dodecanoic acid (38.92%), tetradecanoic acid (14.50%), hexadecanoic acid (9.52%), octadecanoic acid (0.85%), (9Z)-octadec-9-enoic acid (14.92%), (9Z,12Z)-9,12-octadecadienoic acid (12.15%), (9Z,12Z,15Z)-9,12,15-octadecatrienoic acid (0.95%). The oil was washed with heated water, filtered, heated at 100 ºC and then dried with CaSO 4 , achieving 5.0% of acidity. Chromium nitrate, aluminum nitrate, methyl alcohol and the standard substances for gas chromatography (GC) analysis were all purchased from Aldrich and Synth.
Instrumentation FTIR spectra were acquired in a spectrophotometer Bomen, Series MB, with 4 cm -1 resolution and 32 cumulative scans. The samples were diluted in KBr containing 1 wt.%, and pressed to get tablet form. The X-ray diffractograms were obtained in a Rigaku-Rotaflex diffractometer with rotating anode, using monochromatic CuKα radiation (λ = 1.54056 Å) and graphite monochromator. The voltage of the tube emission of copper was 40 kV and the filament current was 150 mA with a variation of 2θ from 5º to 75°. The diffractograms obtained were compared with the JCPDS-ICDD cards (Joint Committee on Powder Diffraction Standarts-International Center for Diffraction Data) available in the Crystallographic Search Match software. The specific surface area was determined by Brunauer-Emmett-Teller multipoint through adsorption and desorption of nitrogen obtained by the Autsorb 1-Quantachrome Instruments equipment. The thermogravimetric curves were obtained in a TGA-2050 thermal analyzer from TA Instruments. It was used aluminium pot with a hole in the cap of approximately 0.5 mm in diameter and about 10 mg of the sample. The conditions of analysis were: sample thermal equilibrium at 30 °C, followed by heating rate of 10 °C per minute to 900 °C for catalysts and 600 °C for biodiesels, using nitrogen gas flow of 50 mL min -1 . The loss of mass of the sample was determined as the difference between the initial and final mass. Data treatments were done with Origin software 8.0. The catalyst (CRAL) was analyzed in a Topcon SM-300 microscope, where the sample was fixed in carbon tape double sided with plating gold for 1 minute, using a current of 20 mA and beam acceleration of 15 kV; Vol. 00, No. 00, 2015 increases ranged 150-3000 times. EDX was performed in a Shimadzu fluorescence X-ray spectrometer, EDX-800, in which the samples were placed in a container suitable for analysis. The generator of X-ray tube with rhodium (Rh) was operated in a voltage of 50 kV and 20 mA. The fatty acid methyl ester (FAME) content was determined using gas chromatograph (GC), where the analyzes were prepared by adding exactly 50 mg of the BIOCRAL, 0.2 mL of methyl heptadecanoate solution in heptane (5.082 mg mL -1 ) as the internal standard. The equipment used to analyze the FAME was a Shimadzu, QP 2010 GC-FID model, equipped with a capillary column (DB-5HT, 0.32 mm, 30 m, 0.1 µm film thickness). Samples were injected at an oven temperature of 70 ºC. After an isothermal period of 1 min, the GC oven was heated at 15 ºC min -1 to 190 ºC, at 7 ºC min -1 to 260 ºC and at 20 ºC min -1 to 380 ºC, held for 10 minutes. Nitrogen was used as carrier gas. The temperature of the injector and detector were both set at 380 ºC. The sample injection volume was of 1 µL and the peak identification was made through comparing the retention times between the sample and the standard substances. The physicochemical properties of biodiesels were obtained according to official methods accepted by the National Agency of Petroleum, Natural Gas and Biofuels ) was slowly added (dropwise) until forming a precipitate and the system acquiring pH of 8.5. After the precipitation, the system was stirred and heated (60 °C) for 2 h. Then, the mixture was centrifuged and the precipitate was washed with distilled water. The solid was dried at room temperature and calcined at 500 °C for 12 hours. This catalyst was called CRAL.
Biodiesel
Transesterification reactions were carried out in a 250 mL three-necked glass reactor equipped with a water-cooled condenser, a magnetic stirrer and a thermometer with different volumes of methanol and varied amounts of catalyst. First, the catalyst and alcohol were stirred for 30 min, and then, 40 g of babassu oil was added at the reactor, and heated at 70 ºC. The catalyst and glycerol were separated from the mixture by centrifugation at 15,000 rpm for 2 minutes, and the biodiesel was washed with water to remove some undesirable product or reagent. After that, the biodiesel was dried with Na 2 SO 4 .
Acidity of catalyst
The acidity of the catalyst was calculated using pyridine technique coupled to FTIR. The catalyst was dried in a nitrogen atmosphere and heated to 450 °C in vacuo to remove the adsorbed material. Subsequently, steam of N 2 was passed through a wash bottle containing pyridine, and steam of pyridine/N 2 was passed through the catalyst for 2 hours. The IR spectra were measured when the sample was at 150 °C, 250 °C and 350 °C.
Calculation of concentration of Lewis and Brönsted acidic sites was derived from Emeis, 23 ( equation 1), where IMEC is the integrated molar extinction coefficient, ε = molar extinction coefficient (dm 3 mol -1 cm -1 ) and σ = wavenumber (cm -1 ).
Emeis 23 showed that the integrated molar extinction coefficient (IMEC) varied only in relation to the wavelength (σ), and it differs for the adsorption of Brönsted band [IMEC (B)] and Lewis band [IMEC (L)]. The values are 1.67 cm µmol -1 and 2.22 cm µmol -1 to Brönsted and Lewis bands, respectively. These values allowed reaching equations 2 and 3, which are responsible for the calculation of pyridine adsorbed on the acid sites and, therefore, the concentration of Brönsted and Lewis sites, considering the site stoichiometric acid/pyridine factor equal to unity. ), R is the radius of catalyst disk (cm) and W is the weight of disk (mg). The radius and weight of disk used to measure absorption in IR were: 0.001 cm and 10 mg, respectively.
Turnover frequency (TOF)
The turnover frequency (TOF) was calculated by using equation 4. 24 The calculations are available in the Supplementary Information (SI) section. 
Reusability of the catalyst
The reusability of the catalyst was tested to check its capacity to provide sustainable catalytic activity, and the leaching test was accomplished to estimate the homogeneous contribution of catalyst at reaction. The experimental runs were conducted at methanol/oil molar ratio of 24:1, catalyst to oil mass ratio of 3.0%, reaction time of 15 h. After the reaction, the catalyst was separated by filtration and washed with petroleum ether and methanol to remove glycerin and undesired material attached on its surface. It was dried at 120 ºC for 24 h, and calcined at 500 ºC for 12 h, before reused in the subsequent runs.
Leaching and heterogeneity test
Besides, the leaching of the active component of the catalyst was tested by placing the catalyst in contact with methanol for 8 h at 70 ºC. The catalyst was separated by filtration, and the filtrate was allowed to react up with oil for 8 h to complete de reaction time (15 h), in the same conditions. The procedure contacting the methanol and the catalyst was repeated until the fourth time using the catalyst recovered from previous runs. The conversion into ester was measured by GC.
Results and Discussion
Catalyst characterization
Infrared spectra ( Figure S1 ) of the CRAL showed a broadband between 3550-3225 cm -1 , which was attributed to the stretching of the O−H bond, and a band at 1630 cm -1 attributed to twist of the O−H. These stretches are provided by the presence of water adsorbed on the catalyst surface. 25 The band at 564 cm -1 was assigned to the stretching bond of Cr−O. 26 The band related to Al−O was not well defined, due to the presence of various phases of alumina that caused an overlap of this band.
The TGA curve (Figure 1a ) of carbonates obtained by co-precipitation shows a weight loss at 50-115 °C due to the adsorbed water. Another weight loss is observed between 110 ºC and 400 ºC and it is attributed to carbonate ion loss. TGA curve of catalyst (Figure 1b) does not show a significant loss or gain of mass, just the loss of adsorbed water in approximately 100 °C. TGA curve of CRAL confirms the absence of carbonate and residual nitrate, showing that the calcinations temperature and time used were appropriate to eliminate waste products and form a solid with a high degree of purity.
Elemental EDX-mapping (Table 1, Figure S2 ) has shown chromium highly dispersed and distributed homogeneously on all surface of alumina. The analysis has shown also that CRAL contains chromium, sodium, aluminum and oxygen in the ratio expected for (Cr 2 O 3 /Na 2 CrO 4 /Al 2 O 3 ), 0.25:0.25:0.50. Figure 2 shows the XRD of CRAL where it can be seen a crystalline structure with some broad peaks due to the phases of alumina. 2θ = 37.46° and 67.23° was attributed to γ-alumina, 27 and it was compared with JCPDS card No. 10-0425. The other crystalline phases of alumina, such as θ-Al 2 O 3 and α-Al 2 O 3, are found when the temperature of calcination is above 900 ºC. 26 Nonetheless, compounds calcined over this temperature do not represent an important pathway for the catalyst to the transesterification reaction. The best properties of the catalysts are found with calcination temperatures ranging from 400 °C to 600 °C. 26 Xu et al. 28 described that as the Cr/Al ratio increases from 7% to 15%, Cr 2 The SEM analysis ( Figure 3 ) was carried out to investigate the morphology of CRAL, and it shows a particle size not defined. It can be observed different forms of particle size ranging from 1-3 µm, or an agglomerate of particles. The particles show a typical particle size distribution of the alumina, [29] [30] [31] and sodium chromate that recovers the particles. This fact is in accordance to the phases found in XRD.
The pore size distributions of CRAL ranged from 2.9 to 7.0 µm, being classified as mesoporous material. 32 The profile analysis of the CRAL isotherm (Figure 4) corroborates the classification given by the pore size distribution analysis, because the isotherm is of IV type, with hysteresis type III, being characteristic of mesoporous materials. 33 The hysteresis at high pressures (0.4-1.0) are consistent with uniform and one-dimensional pores, however, the hysteresis of III type suggests an aggregate of particles with different pore geometries, as can be confirmed by SEM analysis. According to the BET method, the value found for the surface area of catalysts was 56 m 2 g -1
.
Acidity of catalyst
The determination of the type of sites in acids catalysts used for transesterification reactions is very important. One method for determining the Lewis and Brönsted acid sites is the impregnation of these sites with bases such as pyridine, 2,6-di-tert-butyl-pyridine, among others. 33, 34 In this study, it was used the infrared absorption of pyridine (FTIR) as probe molecule to quantification of the Lewis and Brönsted acidity. 35, 36 Thus, it was possible to differentiate between the Lewis (coordination of pyridine) and Brönsted (adsorption of pyridinium ion) acid sites and total acidity. The bands relating to the adsorption of pyridine in the Lewis (L) and Brönsted (B) acids sites are, respectively, 1435-1470 and 1515-1565 cm -1 . 37, 38 Figure S3 shows the IR spectra obtained to CRAL. In accordance with Gyftopoulou et al. 39 the acidic characteristic of mixed oxides is derived both from Brönsted (proton donor) and 40 have used FTIR spectra measurements to show that all Brönsted sites were transformed into Lewis acid sites at a calcination temperature of 700 ºC or above. Clearfield et al. 41 pointed that Brönsted acidity is believed to be present only for calcination below 650 ºC. Calcination temperature of CRAL catalyst was 500 ºC. Di Gregorio and Keller 42 have studied the tungstated zirconia (WZ), and claim that the required Lewis sites can turn into Brönsted sites by condensation. Similar results were seen for WO 3 /γ-Al 2 O 3 . 43 Lopes et al. 33 have studied the effect of calcination temperature of tungstated zirconia catalyst in the transesterification and esterification reactions, and they found that the acidity of catalysts calcined at 800 °C have predominance in Brönsted sites. Besides the fact of calcination temperature, Iglesias et al. 44 showed that the nature of the support (ZrO 2 , Al 2 O 3 , SiO 2 and SnO 2 ) may influence the Lewis acidity. The XRD analyzes of CRAL show that the predominant phase of the Al 2 O 3 is γ-alumina. Soled et al. 43 found an increase in Brönsted acidity for WO 3 on γ-Al 2 O 3 with increasing calcination temperature from 500 ºC to 950 ºC.
Characterization of methyl esters
Considering industrial and economic factors, it is important to evaluate the parameters that minimize the production costs of biodiesel, such as methanol/ oil molar ratio and catalyst quantity. 45 Due to the dynamic equilibrium in the transesterification reaction, it is expected that the excess of alcohol increases the conversion rate. However, an excessive amount of alcohol should be avoided because it hinders the process of separation and purification, adversely affecting the properties of biodiesel. Generally, the catalysts used in reactions are expensive, so it is important to apply the minimum catalyst that provides the maximum conversion. GC technique was used to measure the conversion of babassu oil into methyl esters.
Stoichiometrically, the transesterification reaction requires three moles of methanol for each mole of triglyceride. Nonetheless, the excess of methanol is commonly employed in order to shift the reaction equilibrium towards the desired product side. 46 In general, the higher methanol/oil molar ratio is required for the acidcatalyzed process to obtain a higher reaction conversion, in comparison with the base-catalyzed process. 3 The effect of methanol/oil molar ratio was investigated using 3% of solid catalyst, 15 h of reaction and 70 ºC. The results are shown in Figure 5a , and it can be seen that with increase in methanol/oil molar ratio, the conversion was gradually increased until reaching a maximum at 24:1 molar ratio; after that, the increase of molar ratio causes an intensive drop in FAME content. This fact could be explained for two reasons: (i) the hydrolysis of FAME happens during the reaction, resulting in reversible reaction; (ii) the fact that triglyceride molecules are chemisorbed on the active site of catalyst, where the carbonyl group forms a carbonium ion. If the methanol is in excess, the approaching to the carbocation enhances the rate conversion. The low conversion was used, in this work, due to the flooding of active sites with methanol molecules rather than triglyceride molecules. 47 The effect of catalyst amount was also investigated using 15 h of reaction, 24:1 methanol/oil molar ratio at 70 ºC. When the catalyst quantity was increased from 1% to 3%, the conversion was gradually increased (Figure 5b ). After 3% of loading, it was noted that the FAME conversion had a little decrease. With increasing loading, it is observed a small drop in FAME conversion, due to all the reactant molecules that have occupied the active sites of the catalyst, with excess of unoccupied active sites or with the great catalyst quantity and the reaction mixture becoming so much viscous, leading to the problem of mixing and separation, and decreasing the kinetic energy. Probably, the rate of reaction is controlled by the diffusion rate of reactants to the active site rather than the number of active sites.
The catalyst activity is influenced by various factors, such as catalytic area, pore volume, and the amount of sites available to realize the reaction. By textural data found for the CRAL catalyst, it was not observed a large surface area or a large pore volume; however, it proved to be very efficient for transesterification reaction. This fact can be explained by the high Brönsted acidity displayed by the catalyst. From these results, the optimum quantity of catalyst for this study was 3%, considering the mass of catalyst in relation to the mass of oil used in the transesterification reaction. TOF (turnover frequency) of FAME formation (at reaction time of 1.0 h), which represents the molecular number of FAME formed per second per site (basic or acid), has been calculated for CRAL catalyst and the result is 24.5 × 10 -4 s -1
. It can be seen that the values of TOF explain why the reaction has taken about 15 hours to achieve the maximum conversion, and the catalytic activity is related to both the amount and strength of acidic sites. 48 7 Vol. 00, No. 00, 2015
Effect of time on the conversion of FAMEs Figure 6 shows the effect of time on the conversion of FAMEs at the catalysis of CRAL. The reaction time varied within the range of 0 h to 24 h. A gradual increase in the FAMEs conversion was observed with the increasing of time hour to hour until reaching 15 hours, when the FAMEs conversion reached 98.85%. After this time, the conversion was kept constant.
Kinetic of transesterification reaction
According to Kusdiana and Saka, 49 the thermal transesterification reaction is divided into three steps. Each step consumes 1 mol of methanol and forms 1 mol of ester. 49 By ignoring the intermediate reactions of diglyceride and monoglyceride, the three steps have been combined in a single step. 50 Upon optimization, it was found that the maximum conversion (98.6%) was obtained at the optimum conditions of catalyst amount of 3.0% relative to oil, methanol/oil molar ratio of 24:1 and 15 hours. The transesterification reaction is reversible and, therefore, excess of alcohol is used to drive the reaction forward. Equation 5 shows the generalized transesterification reaction, where A is the triglyceride, B is alcohol, C is FAME's and D is glycerol.
In this reaction, 3 mole-equivalents of alcohol (B) react initially with a triglyceride (A) and, through three consecutive reverse (equilibrium) reactions, convert it in a stepwise manner to diglyceride, monoglyceride and, finally, to free glycerol; one mole-equivalent of the corresponding FAME's produced in every step of these reversible reactions. It is well known that if one of the reactants is taken in large excess, i.e., if the concentration of a given reactant is very high, then the rate of reaction depends on the concentration of the reactant which is taken in lower concentration. In case of transesterification reaction, the alcohol is used in large quantity. Some authors, as Vujicic et al., 51 Sing and Fernando, 52 Ilgen, 53 Zang et al., 54 Brahmkhatri and Patel, 55 described that the overall conversion of triglyceride into FAME's should follow a forth order reaction rate low, however due to a huge surplus of alcohol in the reaction mixture, the reaction could be safely considered as obeying the pseudo-first-order kinetic.
The data between log C A /C versus time in different temperatures ( Figure 7) showed a good linear relationship, and support the hypothesis that the reaction is of pseudofirst order. 56, 57 The value of the reaction rate (k constant) was determined at different temperatures and the results 
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If the reaction rate is diffusion limited/mass transfer or it is truly governed by the chemical step, the catalyst is being used to its maximum capacity. It is reported that the activation energy for diffusion limited reactions is as low as 10-15 kJ mol -1 , and for reactions whose rate is governed by a truly chemical step, it usually shows activation energy excess of 25 kJ mol -1 . 44 In this case, it was possible to affirm that the rate is truly governed by chemical step.
In accordance with Brahmkhatri et al. 61 and Sani et al. with acid catalyst, clearly the acid catalyst acts more slowly in transesterification reactions. Thus, a greater amount of catalyst than for basic catalyst is required. 63 Leaching, heterogeneity and reusability test
The reusability and stability of catalyst were tested using a methanol to oil molar ratio of 24:1 and catalyst to oil mass ratio of 3.0%, reaction time of 15 h; these conditions resulted in the best conversion in this work. This test is an important characteristic to evaluate its economical application. Table 2 shows the results obtained for the catalyst activity during the reusability and leaching tests. In accordance with Olutoye et al. 64 there are some reasons for the catalytic activity loss; (i) the original sites can be blocked by large molecule inhibiting the diffusion of oil molecules, intermediate or product species into the pores; (ii) loss of active component during the washing and recovery of catalyst for the subsequent runs; (iii) leaching of active component of the catalyst with the increase of reaction cycle. The results indicated that CRAL is active to biodiesel production for one cycle. After that, the conversion had a considerable drop, indicating a leaching of about 13% of the principal species of catalyst, demonstrating that the catalyst is not totally heterogeneous and it loses its activity after the first run. The atomic absorption spectrometry (AAS) technique was used to evaluate the chromium degree of leaching into biodiesel and the results are shown in Table 2 . Probably, the reason that the catalyst was leaching is due to the support used, in this case, Al 2 O 3 . This problem could be solved by changing the support and using for example, magnetic tape.
Before using fuel in machines, it is necessary to ensure its quality. For that, there are standards and specifications established by the supervisory agencies, whether national or international. In Brazil, the agency that sets the rules for specifying and marketing of biodiesel is the National Agency of Petroleum, Natural Gas and Biofuels (ANP). Table 3 presents the values of the physicochemical properties of biodiesel and the values are within ANP specification by the 14/2012 resolution. , but the major acidity was in Brönsted sites. The TOF found in this study was 24.4 × 10 -4 s -1 . The textural analyses of catalyst show that the surface area is 56 m 2 g -1 , and the pore size distribution and hysteresis profile classifies it as mesoporous material. The catalyst has catalyzed the transesterification reaction of babassu oil even containing 5% of FFA. The conversion obtained to transesterification of babassu oil was 98.6%, after 15 h of reaction. The methanol/oil molar ratio of 24:1 and 3 wt.% of catalyst loading were employed. The kinetic study shows that the transesterification reaction follows first order rate low and the activation energy was 49.18 kJ mol -1 , being the rate truly governed by chemical step. Also the activity of the catalyst is comparable to the traditional sulfuric acid catalyst. The test of reusability shows that the catalyst works for one cycle, since a considerable drop occurred, indicating a leaching of about 13% of chromium species. This fact demonstrated that the catalyst obtained in this work is not totally heterogeneous. The biodiesel produced in this study follows the 14/2012 Resolution of ANP specification.
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